It is difficult for us, who have been nurtured by streams of biological thought which had their source in the cell doctrine, to realize that Schwann gave out his epoch-making pronouncement less than one hundred years ago. At that time it was a theory only and was based on none too certain evidence, but it was accepted universally almost at once and has been followed by such a wealth of confirmatory evidence that it is no longer a theory but a doctrine.
It is difficult for us, who have been nurtured by streams of biological thought which had their source in the cell doctrine, to realize that Schwann gave out his epoch-making pronouncement less than one hundred years ago. At that time it was a theory only and was based on none too certain evidence, but it was accepted universally almost at once and has been followed by such a wealth of confirmatory evidence that it is no longer a theory but a doctrine.
Perhaps it was the immediate and unopposed acceptance of Schwann's generalization which has created in the minds of many of us an impression that he is so far responsible for the cells that he may even have invented these little organs themselves. Then, again, it may be that it is the strange euphony (or cacophony, if you prefer) of the two names, Schleiden and Schwann, which has made it easy for our tongues to perpetuate the fame of their achievement. At any rate, the name of Schwann overshadows all others practically to exclusion, when the history of the cell concept is under consideration. It is inevitable, however, that he should be made to share his honors when we bring to light some of the history of his field. Since he was a great man, as well as a great figure, it is not surprising to find that he himself acknowledges a debt to his predecessors in the very sketchy bibliography of his book. It is enlightening, however, to find that his debt extended to a large number of individuals in many fields and that scarcely any of his facts were new and that most of his ideas had already been expressed. His contribution was one of synthesis, for he wove this mass of material into a digestible and stimulating generalization.
It is often difficult to bestow the honor for having performed a particular act for the first time in history on one individual without provoking controversy. So it is that candidates other than Robert Hooke have been offered for the fame of having seen a cell for the first time. His is the first published account,10 however, and since that indisputable evidence is usually accepted as of primary import-*From the Department of Anatomy, College of Physicians and Surgeons, Columbia University.
YALE JOURNAL OF BIOLOGY AND MEDICINE, VOL. 10, NO. 2 ance, and since his competitors have little more than presumptive evidence to offer, I think we may safely say that he first saw and named a cell.
Robert Hooke was born at Freshwater, a peninsula on the Isle of VWTight, on the 18th of July, 1635 . He must have been retiring, for I have been unable to find any evidence that a portrait or likeness of him exists. A clue to this may be seen in the following words of Richard Waller, a part of the sketch of Hooke's life which he wrote as an introduction to a posthumous volume of his work."1 If we consult Hooke's own diary,18 however, we gain an impression very different from the rather harsh picture given by Waller. Here he shows himself a genuinely friendly and companionable person, but sensitive and shy, and his apparent miserliness seems to have been the result of a fundamental indifference to bodily wants and blandishments.
He had a quick, keen mind and a remarkable inventive genius. At Oxford, he became the assistant of Robert Boyle, designing and making most of his apparatus. Later, when he was twenty-seven years of age, Boyle helped to have him appointed Curator of Experiments in the newly organized Royal Society. This gave him a lifetime position as a committee of one with complete responsibility to set up the apparatus for demonstrations of the communications sent to the Society. He was more than a technician, however. Even Waller says: his admirable Facility and clearness, in explaining the Phenomena of Nature, and demonstrating his Assertions; his happy Talent in adapting Theories to Pheenomena observed, and contriving easy and plain . . . Experiments to back and prove those Theories; proceeding from Observations to Theories, and from Theories to farther trials, which he often asserted to be the most proper method to succeed in the interpretation of Nature.
He was a mathematician, astronomer, physicist, chemist, and physiologist. He was the architect of Bedlam Hospital and the College of Physicians, and after the great fire of 1666 he was one of the two men appointed to resurvey the charred remains of London. In addition to all this, he has been called the father of microscopy, and it is in this capacity that he interests us particularly. In his Micrographia, published in 1665,10 he ranged over the entire field of natural objects, animate and inanimate, and with deft touch, singled out the subjects which would arouse most interest and curiosity. It There is good evidence that Swammerdam, one of the two great early Dutch observers of minute structures, saw the blood corpusdes of the frog in 1658, but his work was not published until 1738, long after his death. We quote from an English edition:22 I saw a serum in the blood, in which were a vast number of orbicular particles, of a flat oval but regular figure. These particles seemed also to contain another fluid: but when I viewed them sideways, they resembled crystalline clubs, and several other figures; that is, according as they were turned about in various directions in the serum of the blood.
Although this might be interpreted as a description of cells prior to Hooke's, it lacks the clarity and comprehensive application of the latter and, moreover, it was not published until many years later.
In Then follows an account of the nutrition of the globules nearer to and farther from the vessel. He saw globules in the brain, also, but thought that they were produced by some action on a fluid which came out of ruptured small vessels.
For many years after these great pioneers, microscopy seemed to degenerate into an amusement for amateurs. At least the scientific contributions are limited in number. We must mention three men of the next, the eighteenth, century. Wolff, in 1759,2 gave dear proof that he saw the cells of both plants and animals, and pointed to correspondences between them. He called them Bla'schen or Zellen. We shall consider his work later, however, in dealing with its more important contribution, embryology. Prochaska in his De Structura Nervorum of 1779 described the brain, spinal cord, and nerves as made up of globules whose volume was an eighth or less of a red blood corpuscle. Fontana, in De Venun de la Vipere published in 1781, gave the best description of such tissues as nerve, muscle, and cellular (i.e., areolar connective) tissue which had yet appeared. He recognized the importance of the globules but also stressed the very minute cylinders or fibers which he saw.
During the first decades of the nineteenth century a mass of data on the minute structure of plants and animals was accumulated. Milne-Edwards, in 1823 and 1826, gave an impetus to the globular theory which made it popular. Everything in the organism was reduced to globules 1/300th of a millimeter in diameter. His illustrations show that he followed his idea to an unwarranted length, and a quotation will demonstrate how he assures himself and his readers, against all odds, that everything can be turned into globules:
soon, however, I found nervous fibrils whose transparency was such that I could not recognize the elementary globules whose existence had been shown by my previous researches. At last, at some points where the maceration had been pushed very far, I perceived many fibers which in certain parts, appeared to be made up wholly of globules but in other parts remained perfectly transparent and homogeneous in texture.
In this contribution, Milne-Edwards speaks with high regard of the work of a man who seems to have been grossly neglected, because he is now little known except to botanists, and yet he foreshadowed Schwann's work in a remarkable way. It will be possible to give but a brief account of him here, and the reader is strongly advised to consult the entertaining article by Arnold Rich.'7
Rene-Joachim-Henri Dutrochet was born on the 14th of November 1776, in the Chateau de Neon. He entered this world with an extreme deformity of talipes equinovarus which the medical authorities would not attempt to correct. His mother did not give up hope, however, for she had heard of one of those "Bone-setters" who have an uncanny knack for treating bony injuries. She left her little son with this man, Montaigne, in Vendome. He broke and reset the foot with a result which was excellent and permanent functionally.
During the stay at Vendome, the convocation of the StatesGeneral and the storming of the Bastille took place. Later, the Terror brought ruin to Dutrochet's father, who had been a staunch loyalist to the end. He lost practically all his property and was forced to flee the country for his life. After Napoleon came into power, Dutrochet I must repeat here that which I have stated above regarding the organic texture of plants: we have seen that plants are composed entirely of cells, or of organs which are obviously derived from cells; we have seen that these cells are merely contiguous and adherent to each other by cohesion, but that they do not form a tissue actually continuous. The organic being has appeared to us, therefore, to be composed of an infinite number of microscopic parts, which are related only by proximity. Now the observations on animals which we have just described obviously confirm this view.
In the organs of vertebrates, the globular corpuscles are so small that it is impossible to know whether they are solid or vesicular bodies; but in molluscs that is very easy to determine. When one examines microscopically the tissue of the liver, the testis or the salivary glands of Helix or of Limax, one sees that these secretory organs are composed, like those of vertebrates, of little globular bodies assembled in a confused manner; but here these little globular bodies are not so excessively small. They are indeed quite large (if one may use such an expression in speaking of microscopic objects), and one can see in the clearest manner that they are vesicular bodies or true cells, the walls of which contain other very minute corpuscles. One might perhaps doubt that these globular cells are the analogues of the globular corpuscles which are found in the secretory organs of vertebrates, but the most superficial examination will dissipate all such doubts, for one will see that the globular cells of the secretory organs of molluscs and the globular bodies of the secretory organs of vertebrates constitute, respectively, the entire parenchyma of these organs; masses of them surround both the blood vessels and the excretory ducts. One can therefore draw the general conclusion that the globular corpuscles which make up all the organic tissues of animals are really globular cells of an extreme smallness, which are united only by cohesion. Thus all the tissues, all the organs of animals are really only a cellular tissue diversely modified. This uniformity of ultimate structure proves that organs really differ one from the other only in the nature of the substances which are contained in the vesicular cells of which they are composed.
All of the organic tissues of plants are made of cells and observation has now demonstrated to us that the same is true of animals.
This must have been the passage which Milne-Edwards used to confirm his statement that all tissues were composed of globules. He made all his globules alike and of the same size, found them in living tissue and non-living fibers equally well, but Dutrochet remarks on their great diversity and adds the significant phrase "or organs which are obviously the product of cells."
Dutrochet had established the anatomical identity of the cell, now let us see what he found concerning its physiology:
It is within the cell that the secretion of the fluid peculiar to each organ is effected. These fluids are probably transmitted by transudation into the excretory canals. . . . Thus the cell is the secreting organ par excellence. It secretes, inside itself, substances which are, in some cases, destined to be transported to the outside of the body by way of the excretory ducts, and, in other cases, destined to remain within the cell which has produced them, thus playing specific roles in the vital economy....
One can scarcely doubt that parenchymatous organs (such as the spleen)
which have no excretory duct must, also, manufacture in their cells substances which are destined either to remain within those cells, or to pass into the blood vessels by transudation. In each organ, [he continues] the cells must have different characteristics, since such different substances are secreted within them. In this connection, one cannot help admiring the prodigious diversity of the products of living beings-a diversity which is even greater in the plant kingdom than in the animal kingdom. What a variety in the physical and chemical qualities of the substances secreted by the cells which make up the parenchyma of fruits, stems, roots, leaves and flowers in all the plants which cover the surface of the globe! One can scarcely conceive that such an amazing diversity of products results from the activity of a single organ-the cell. When one compares the extreme simplicity of this organ with the extraordinary diversity of its internal powers, it becomes evident that the cell is truly the pisce fondamentale of the living organism.... Not all of the solid products of the living body are organic solids. Thus, for example, the membrane and the shell of the bird's egg are not formed by a real growth as true organic solids are; they are formed rather by the coagulation or hardening of certain secreted fluids. Microscopic examination reveals no organic texture in such solids formed by the hardening of secreted fluids. On the other hand, whenever one finds an organic texture in a part of the body, one can without hesitation affirm that that part was once alive, and that it has consequently been formed by a true growth. Now an organic texture can be clearly recognized in all parts of feathers. The spongy substance is made up of a mass of globular utricles. It is a true cellular or utricular tissue resembling the cellular tissue which is seen in certain parts of plants; it is, in a way, an animal cork . . . . In its origin, therefore, the feather is a part of the living organism of the bird. It is then very soft, and it remains alive as long as it preserves its softness. It loses its life when it becomes dry and hard. Thus the well developed feather represents an originally living structure which has suffered death by desiccation.
Life exists, at least with any degree of activity, only when the elementary substances contained (in the cells) are in fluid form.
And now for the recognition of the fact that increase in the size and number of cells is responsible for growth-Schleiden's great claim to glory.
"Growth results both from the increase in the volume of the cells, and from the addition of new little cells," and after citing numerous observations in support of this, "It is evident, therefore, that (during growth) new, rudimentary cells are formed, which, by increasing in size, finally become cells such as those which have preceded them in order of appearance and development."
The phenomenon of osmosis had been observed in isolated instances, but it was not understood nor applied in any way. Dutrochet made the discovery independently and applied it in understanding the mechanism of cellular activity. Here is the original description:' 17 In a bowl of water I had a little fish, the tail of which I had cut off. On the surface of the wound there developed a sort of aquatic mould with rather long filaments, at the end of each of which there was a bulbous swelling easily visible with the naked eye. I was stirred with curiosity to observe with the microscope this plant which was growing upon a living animal. The filaments of the mould were transparent, but the terminal swellings, which were pointed at the end and resembled the capsules of plants, were completely opaque. I cut off a few of these filaments and placed them in a watch-glass containing water in order to study them under the microscope. I saw that soon a multitude of little globules were expelled from an opening at the tip of each of the opaque capsules. As these globules were expelled, the lower part of the capsule (that part opposite the tip from which the globules were discharged) became empty. The globules remaining in the upper part of the capsular cavity seemed compressed together and forcibly driven upward by an accumulation of water in the lower part of the capsule. The fact that this empty part of the capsule had not decreased in size made it clear to me that the expulsion of the globules was not due to a contraction of the capsule. The water, which had entered the lower part of the capsule, seemed to have acted like the piston of a syringe in the driving upward and forcing out from the tip some of the globules with which the capsule was originally completely filled. After a few seconds all of the globules were driven out of the capsules, which were then filled only with water, having lost none of their original size . . . . Whence came this water? What was the force that made it enter the capsules? . . . It was necessary for me to place this phenomenon in the category of those of which the cause is entirely unknown. Since the observation was made with the microscope, its accuracy could be questioned by those who are familiar with the many optical illusions of which that instrument is the source. I contented myself, therefore, with making a note of it; and I thought no more about it until a similar observation, this time not requiring the use of the microscope, presented itself. It was, in this instance, the animal kingdom which furnished the material.
The second observation was that the sperm sacs of snails take in water and explode in a manner quite comparable to the one just described. Then: "These were the two observations which led me to establish the existence of a new physico-organic force . . . I shall designate this force . .. by the term 'endosmosis,' a word derived from AvSov meaning 'within' and La,uos meaning 'impulsion'." This is the application he made of his newly described force:
The soft tissues are aggregates of cells, filled ordinarily with a pastey substance which is more dense than the blood plasma which bathes their walls, or is separated from them only by the extremely thin walls of the capillaries. As a result of this arrangement the blood plasma must tend continually to enter the cells, which become then the seats of two electric currents, one, the stronger, producing endosmosis, and another, the weaker, producing exosmosis. Through the effect of endosmosis the substances in the blood are forced into the cells; exosmosis brings it about that the cells return to the blood-stream a part of the solution which they contain.
To show that he was not content with observations, but was eager to apply them to physiology by broad generalizations we need only quote the following paragraph:
The physiological connections which I have established between plants and animals make it clear that there is but a single physiology, a general science dealing with the functions of living beings,-functions which vary in their mode of execution but which are fundamentally identical in all organized beings. I hope that some day, out of these first attempts, there will be born a new science-general physiology.
Certainly these scientifically tested and clearly presented experiments made the recognition of the cell as a structural, functional, and developmental unit a necessity. Only the nucleus is left out. We do not know whether Schwann heard Dutrochet's papers at the Paris Academy, but we can assume that some of the ideas, at least, must have reached him through one channel or another, because both men presented material before the Academy. Schleiden refers to Dutrochet in a foot-note on page 152 of the Phytogewesis,'9 a work with which Schwann was very familiar.
Two more observations which gave Schwann a great advantage in the understanding of the cell must be mentioned. Robert Brown published a paper2 in 1833 entitled: Organs and mode of fecundation in the Orchideae and Asclepiadeae. It contains this first description of the nucleus as an important organ of the cell:
In each cell of the epidermis of a great part of this family, especially of those with membranaceous leaves, a single circular areola, generally somewhat more opaque than the membrane of the cell is observable. This areola, which is more or less distinctly granular, is slightly convex, and although it seems to be on the surface is in reality covered by the outer lamina of the cell. There is no regularity as to its place in the cell; it is not unfrequently however central or nearly so.
This areola, or nucleus of the cell as perhaps it might be termed, is not confined to the epidermis ...
And then follows a description of it in many other regions. It is noteworthy that he places it inside the body of the cell rather than on its surface, as did both Schleiden and Schwann.
Dujardin, in 1835, wrote Recherches sur les organismes inferieurs.3 Here we find the first concept of protoplasm which he called "sarcode." I propose to name thus, that which other observers have called a living jelly, that substance, glutinous, diaphanous, insoluble in water, contracting itself into globular masses, sticking to the dissecting needles and being drawn out like mucus, which is found in all the lower animals interposed between all other elements of structure.
Although we have brought out the more important investigations in anatomy and physiology which preceded the pronouncement of the cell theory, in order to complete the background we must consider briefly the theoretical contributions to the subject. It is interesting to find that the threads of thought leading up to such a generalization go back to ancient times. Aristotle comments on the need to probe out divisions of both plant and animal organisms into elementary parts which are comparatively few in number but which are frequently repeated. Fallopius' tells us that Galen made greater progress with the idea, attaining a clearer concept of the "partes similares" or "simplices" which are the ultimate similar substances beyond which the body cannot be resolved. In his De Partibus Sirnularibus written before 1652, he gave these parts: Bone, cartilage, fat, flesh, nerve, ligament, tendon, membrane, vein, artery, nails, hair, and skin. Under each head he detailed the structure, as far as he could discover it with the means at his disposal, the chemical and physical properties, and even the special pathology. He insisted that each be studied for itself and that all speculation be omitted. Huxley says that he even went so far as to insinuate, in the quaint plainness of his age, that Averrhoes was drunk when he discoursed concerning the spirits which were insensible. It is unfortunate that Haller did not read the passage with greater care. This is so similar to Bichat's Anatomie Gen6rale' in its intention, that we must think of the latter as the intellectual progeny of the De Partibus. The great difference is not in principle but in the more accurate and functionally integrated division of the tissues which was possible for Bichat because he had the work of such men as Malpighi to assist him. Even Bichat rather scoffed at the microscope.
In 1757 Haller8 resolved the solid parts of animals and plants into fibers and an "organized concrete." The fibers were the most important; the organized concrete was a mere glue between the fibers. The fibers were not based on microscopic observationalthough he might have called on Leeuwenhoek-they were invisible, only perceptible to the mind. This fibrillar theory of body organization held sway in the minds of many even as far as Cuvier, and was a continual thorn in the side of the globular or cell adherents.
There were examples of individuals who hit upon a cell theory of one sort or another from purelv intellectual experiments. Such was Oken,16 1808. "The first transition of the inorganic to the organic is the conversion into a vesicle (Bla'schen), which I, in my theory of generation, have called infusorium. Animals and plants are throughout nothing else than manifoldly divided or repeating vesicles," but the vesicles not only arose from the inorganic, joined to make up the more complex organisms, but they parted company at death to become again free-swimming infusorians.
One more contribution remains to be considered, that which Schwann stressed as his particular interest, namely, embryology. Although many others are worthy of our attention in this connection, we shall consider only Caspar Friedrich Wolff. His Theoria Generationis" appeared first in 1759. Huxley" summarizes his point of view as follows:
Wolff's doctrine concerning histological development is shortly this. Every organ is composed at first of a little mass of clear, viscous, nutritive fluid, which possesses no organization of any kind, but is at most composed of globules. In this semifluid mass, cavities (Blaischen, Zellen) are now developed; these, if they remain rounded or polygonal, become the subsequent cells-if they elongate, the vessels; and the process is identically the same, whether it is examined in the vegetating point of a plant, or in the young budding organs of an animal. Both cells and vessels may subsequently be thickened by deposits from the "solidescible" nutritive fluid. . . . In each case they are mere cavities, and not independent entities; Organization is not effected by them, but they are the visible results of the action of the organizing power inherent in the living mass, or what Wolff calls the "vis essentialis."
This structureless nutritive substance reminds us of Haller's organized concrete, and both together may have been responsible for the concept Schwann uses of a cytoblastema. It can be seen that Wolff's theory of epigenesis led him to make the whole organism more im-portant as a guiding principle than its individual parts; Schwann reversed this and made the cells the all important consideration.
At last we come to Schleiden. On the authority of Schwann's own words we ought to find him greatly indebted to Schleiden, but it seems to me that he was great in spite of this influence not because of it, and that he might have reached much more nearly to the truth if he had not had Schleiden's prejudices to weigh him down. He relied entirely on Schleiden for his knowledge of plant structure, and, as Huxley aptly puts it, "he was trusting to a rotten reed."
Schleiden's paper on Phytogenesis,'9 published in the same volume as Schwann's work2" by the Sydenham Society, is difficult to read, and the ideas are not easy to follow. The circumlocution of the original is scarcely recognizable in the dearly stated abstract found in Schwann's book. A few quotations2" from Schleiden will show his personality and point of view.
Since no real advance in science results from the attempt to explain natural phenomena hypothetically, and least of all, where all the conditions for the erection of a tenable hypothesis, namely, guiding facts, are wanting, I may omit all historical introduction; for, so far as I am acquainted, no direct observations exist at present upon the development of the cells of plants. Sprengel's pretended primitive cells have long since been shown to be solid granules of amylum. To enter upon Raspail's work appears to me incompatible with the dignity of science. Whoever feels any desire to do so, may refer to the work itself.
And yet Tyson23 writes, forty years later:
Singularly near the truth did Raspail approach, in 1837, when he tells us that in the condition of development there are vesicles or cells, endowed with life and the property, almost unlimited, of producing out of themselves other cells of the same structure and similar endowments, of spherical form, and capable of taking up oxygen when exposed to the atmosphere; that the cell membrane in its fresh state is structureless. This is at least as near the truth as Schleiden came.
Again from Schleiden:
But my present object is to communicate only facts and their immediate consequences, and not to dream; I will therefore rather add a few more observations on the growth of the plant.
What is meant by to grow? [and the next two pages of "facts" turn out to be a quibble on the meaning of the word grow]. .. The plant unfolds itself by the expansion and development of the cells already formed. It is this phenomenon especially, one altogether peculiar to plants, which, because it depends upon the fact of their being composed of cells, can never occur in any, not even the most remote form in crystals or animals.
This statement should divorce Schleiden completely from all connection with the cell theory. It shows, moreover, that Schleiden's "facts" were apt to be categorical statements about subjects on which he was not informed.
It is difficult to comprehend how Schwann obtained the inspiration which he said Schleiden gave him unless it was indirectly through a desire to disprove his categorical statement that animals could not by the remotest possibility be made up of cells. Schwann writes:20 "The principal object of our investigation was to prove the accordance of the elementary parts of animals with the cells of plants." To carry out the proof, he chose for description a special type of development, that followed by cartilage, because it seemed to correspond in minute detail with Schleiden's description of the events in plants. Almost as if the proof of likeness between plants and animals were not enough, Schwann finished his book with a refutation of the other part of Schleiden's statement, that concerning crystals, a portion of which we quote:2"
. . . the material of which the cells are composed is capable of producing chemical changes in the substance with which it is in contact, just as the well-. known preparation of platinum converts alcohol into acetic acid. This power is possessed by every part of the cell. Now, if the cytoblastema be so changed by a cell already formed, that a substance is produced which cannot become attached to that cell, it immediately crystallizes as the central nucleolus of a new cell. And then this converts the cytoblastema in the same manner. A portion of that which is converted may remain in the cytoblastema in solution, or may crystallize as the commencement of new cells; another portion, the cell-substance, crystallizes around the central corpuscle. The cell-substance is either soluble in the cytoblastema, and crystallizes from it, so soon as the latter becomes saturated with it; or else it is insoluble, and crystallizes at the time of its formation, according to the laws of crystallization of bodies capable of inbibition mentioned above, forming in this manner one or more layers around the central corpuscle, and so on.
Were it not for the obvious sincerity of the man, one might be tempted to think that Schwann wove Schleiden's name into his work in order to disarm a violent and direct opponent.
Schwann's power in making generalizations is demonstrated in his own statement of the cell theory:21
The elementary parts of all tissues are formed of cells in an analogous, though very diversified manner, so that it may be asserted, that there is one universal principle of development for the elementary parts of organisms, however different, and that this principle is the formation of cells. This is the chief result of the foregoing observations.
The same process of development and transformation of cells within a structureless substance is repeated in the formation of all the organs of an organism, as well as in the formation of new organisms; and the fundamental phenomenon attending the exertion of productive power in organic nature is accordingly as follows: a structureless substance is present in the first instance, which lies either around or in the interior of cells already existing, and cells are formed in it in accordance with certain laws, which cells become developed in various ways into the elementary parts of organisms.
The development of the proposition, that there exists one general principle for the formation of all organic productions, and that this principle is the formation of cells, as well as the conclusions which may be drawn from this proposition, may be comprised under the term cell-theory, using it in its more extended signification, whilst in a more limited sense, by theory of the cells we understand whatever may be inferred from this proposition with respect to the powers from which these phenomena result.
Schwann stressed the importance of the common mode of development, and it may have been this emphasis which gave his work its universal appeal. He made an extensive survey, however, of the anatomical and physiological principles of cell life, including metabolism which he named and gave its Greek derivation. He devoted several pages to an attempt to overthrow the teleological and substitute a physical, or as we should say, a materialistic view of living matter. This was a missionary work whose value we can scarcely appreciate in our emancipated age.
Schwann made some grave errors, both in observations and conclusions, particularly with regard to the nucleus. His concept of the cell was very different from ours and incomplete as compared with the commonplaces of cytology today. He knew nothing of mitochondria, vacuoles, and other organelles. Mitotic division had not been unravelled, and the whole science of genetics with its cytological implications was in the distant future. He put forward his hypothesis with the plea that it be used as a starting point for new and better controlled observations. Let us turn back and review one or two points in the development of the cell concept. Hooke is generally acclaimed as the discoverer of the cell. It is not usually recognized, however, that he saw cells filled with protoplasm and tried to find a mechanism for the exchange of fluid between a cell and its environment. This attempt to find some explanation of cellular activity shows that he came close to a realization of their importance. He undoubtedly would have advanced the concept materially if his restless and voracious eye had not turned too quickly to other subjects. Dutrochet made the great step toward a better understanding of cell physiology when he applied osmosis to it. It is surprising that the man and his work are almost unknown today, and that his contemporaries very seldom referred to his publications and certainly did not appreciate their value. It may be that his lack of selfadvertisement left too many others in the public eye. He was one of those individuals, apparently, who follow science for the pleasure of it, only asking that he might contribute to the mass of knowledge, not worried about the trappings and rewards. Certainly if he had been the grasping type, he would have contested Schwann's priority for the cell concept, because he had more justification than Valentin and those others who did give vent to their jealousy.
The strength of Dutrochet's claim for priority is well brought out by Rich"7 in the quotation of parallel passages. His account of the cell (quoted above) is at least as clear as that of Schwann, and in many respects it is more lucid because freer from assumptions. He showed his realization that a new philosophy was necessary in science by giving the teleological view a condemnation which was as thorough but more brief than that of Schwann. It is possible that some readers may feel that he surpassed Schwann in genius, and give as proof the remarkable outline of a new science, general physiology. He did not weave his anatomical findings into an emphatic generalization, however, and he was not aware of the presence or importance of the nucleus of the cell. Schwann surpassed Dutrochet in rounding out the concept because he emphasized the importance of the nucleus, and by means of -it he worked out and named the cell theory,-an hypothesis which he offered as an explanation of the development as well as the anatomy and physiology of living organisms,
